The samples also were analyzed for stable-sulfur isotope ratios. Stablesulfur isotope ratios can be used to distinguish among possible sources of sulfate. Most samples had ratios with values of about +4 to +6 in the units commonly used for reporting isotope ratios; however, the samples collected downwind from the Yampa River valley had values from +7 to +9. In contrast to concentrations, isotope ratios are considered important even if they differ by small numbers. The data for this survey indicate great differences in the source of sulfate for the area downwind from the Yampa River valley compared to the other snowpack sample sites in Colorado. Thus, the greater concentrations of sulfate downwind from the Yampa River valley have an isotopically different sulfate than the sulfate from other sources that is present in the rest of the Colorado snowpack.
Samples also were collected from lakes downwind from the Yampa River valley. Maximum concentrations of sulfate and isotopically heaviest sulfate occur in lakes nearest the greatest concentrations of sulfate and isotopically heaviest sulfate in the snowpack. Therefore, the sources of sulfate deposited in the snowpack seem to affect lake chemistry as well. This effect extends into the southern part of the Mt. Zirkel Wilderness Area (MZWA), which is protected from significant deterioration of air quality and water quality by the Clean Air Act and the Wilderness Act. The greatest concentrations of sulfate and nitrate are south of the MZWA in an area for which few data exist on the chemistry and sensitivity of lakes and no data exist for headwater streams.
At this time it is impossible to determine the cause of the observed differences in snowpack chemistry and isotopic composition. The differences in concentration of sulfate and nitrate at the sites indicate a localized effect primarily east of the Yampa River valley; however, the source of the increased concentrations could be in the Yampa River valley or farther west.
The U.S. Geological Survey is proposing a study to determine the source.
This report is the result of several studies conducted by the U.S. Geological Survey, in cooperation with the Colorado Department of Health, the U.S. Forest Service, and the U.S. Environmental Protection Agency.
